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BACKGROUND OF THE INVENTION 

The present invention relates generally to multilayer 
antirefleciion coatings for substrates, and more particularly 
to multilayer antirefleciion coatings dcm)sitcd on tempera- 
ture-sensitive substrates byfer c^i l jcii vuli puttering. 

The simplest antircflection coating is a single layer of a 
transparent material having a refractive index less than that 
of a substrate on which it is disposed. The optical thickness 
of such a layer may be about one-quarter wavelength at a 
wavelength of about 520 nanometers (nm), i.e.. at about the 
middle of the visible spectrum. The visible spectrtim extends 
from a wavelength of about 420 nm to a wavelength of about 
680 nm. A single layer coating produces a minimum reflec- 
tion value at the wavelength at which the layer's optical 
thicicness is one -quarter of the wavelength. At all other 
wavelengths the reflection is higher than the minimum but 
less than the reflection of an uncoaied subsu^tc. An uncoatcd 
glass surface having a refractive index of about 1.52 reflects 
about 4.3 percent of the normally- incident light. 

.Multilayer antircflection coatings are made by depositing 
two or more layers of transparent dielecunc materials on a 
substrate. At least one layer has a refractive index higher 
than the refractive index of the substrate. The layer systems 
usually include at least three layers and arc designed to 
reduce reflection at all wavelengths in the visible spectrum. 
Multilayer andreflection coatings may yield reflection val- 
ues of less than 0.25 percent over the visible spectrum. 

Most multilayer antircflection coatings are derived from a 
basic three layer system. The fini or outermost layer of this 
system has a refractive index lower than that of the substrate 
and an optical thickness of about one -quarter w avelength ai 
a wavelength of about 520 nm. The second or middle layer 
has a refractive index higher than chat of the substrate and an 
optical thicicness of about ofi^^/>avclength at a wave- 
length of about 5 20 am . The diird layer, i.e. the layer 
deposited on the substrate, has a refracdve index greater than 
that of the substrate but less than that of the second layer. 
The opucai thickness of the third layer is also about onc- 
quancr wavelength at a wavelength of about 520 nm. This 
basic design was first described in the paper by Lockhan and 
King. 'Three Layered Reflection Reducing Coatings". J. 
Opt. Soc. Am.. Vol. 37, pp. 689-694 (1947). 

A disadvantage of the basic three layer system is that the 
refractive indices of the layers must have specific values in 
order to produce optimum performance. The selection and 
control of the refractive index of the third layer is particu- 
larly important. Deviation from specific refractive index 
values can not be compensated for by varying the thickness 
of the layers. 

Various modificauons of the Lockhan and King system 
have been made to overcome these disadvantages. For 
example, the layer system has been modified by forming at 
least one layer from mixtures of two materials having 
refractive indices higher and lower than the desired value for 
the layer. The refractive index of one or more layers has also 
been simulated by using groups of thinner layers having 
about the same total optical thickness as the desired layer, 
but including layers having refractive index values higher 
and lower than the desired value. 

Other modifications have included varying the reft^tive 
index of one or more of the layers as a function of thickness, 
i.e.. having the refractive index of a layer inhomogeneous in 
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the ihicJcncss direction. This approach is described in U.S. 
Pai. No. 3.960.i4i. Another nnodificaiion is the use of an 
additionaJ layer between the basic three layer system and the 
subsiraie. Tliis additionaJ layer may have an optical thick - 
5 ness of about one haJf wavelength, i.e., about haJf the 
thickness of the basic system, and a rcfraciivc inde.x less 
than that of the substraic. This modification is disclosed in 
U.S. Pat. No. 3.731,090. 

The layer systems discussed above are generaJly depos- 
■ ^0 ited by ihcrmai evaporation. In thcrmaJ evaporation, the time 
required to deposit uhe layers may be only a relatively small 
fraction of the totjl production dme. The production time 
may be determined by such factors as pump down time for 
the coaung chamber, the time required to heat substrates to 
1^ process temperatures, and the umc required to cool sub- 
strates a/ter coating. The number of layers in the coating, the 
thickness of the layers, and ihc layer materials may not have 
a significant influence on production time and thus cost, 
:q reactive sputtering is the process most often used for 

large area commerciai coating applicaiions. ,Me:aJ oxide 
layers, for example, are deposited by sputtering the appro- 
priate meal in an atmosphere including oxygen. In the 
reacavc sputtering process, the articles to be coated are 
passed through a series of in-line vacuum chambers, each 
including sputtering sources, i.e.. sputtering cathodes. The 
chambers are isolated from one another by vacuum locks. 
Such a system may be referred to as an in-line system or 
simply a glass coaier. 

3Q The time taken to deposit the layers is determined mainiy 
by the number of layers and the sputtering rate of Lhc 
materials, ine use of a glass coater to deposit multilayer 
antirefleciion coatings can signincanUy reduce their cost, 
extending their range of application. Such coatings may be 
■ 2^ used on picture frame glass, for a display case, and as 
• thcrmaj control coatings for architecturaJ and automobile 
glazings. 

Many of the raaicriaJs used in thermal evaporauon pro- 
cesses, particularly fluorides and sulfides, are not easily 
40 spucicrsd. Conversely, a few materials, such as zinc oxide 
(ZnO), commonJy used in the arc.hitecruraJ gl^ss sputtering 
systems arc rarely, if ever used, in thermal evaporation 
processes. The spuoering rate of difi'erent materials may 
vary by a factor of greater than twenty. The choice of 
45 maicriaJs. therefore, can have a significant influence on the 
deposition time and fabricauon cost. In an in-line sputtering 
system with multiple chambers, each chamber may be set up 
to deposit one specific material. As such, the number of 
layers that can be deposited is determined by the number of 
50 chambers. A coating designed for sputter deposition should 
therefore be as simple as possible. It should also be made, if 
possible, from materials which have a high sputtering rate. 

A simple improvement on the Lockhan and King system, 
which may be suitable for in-line sputtering, is described in 
55 U.S. Pat. No. 3.432.225, the entire disclosure of which is 
hereby incorporated by reference. This system, called the 
Rock system, includes four layers. The first or outermost 
layer has a refractive index lower than that of the substrate 
and an optical thickness of about one-quaner wavelength at 
60 a wavelength of about 520 nm. The second or middlelayer 
has a refractive index higher than that of the substrate and an 
optical thickness of about one-half to six-tenths of a wave- 
length at a wavelength of about 520 nm. The third layer has 
an optical thickness of about one-tenth of a wavelength at a 
65 wavelength of 520 nm and a refractive index less than that 
of the second layer. The fourth layer has an optical thickness 
of about one-tcnth of a wavelength and a refracuve index 



grcaicr than the second layer and the substraic. The ihird 
layer may be the same materia] as the first layer, and the 
founh layer may be the same material as the second layer. 

The Rock system may be used with difTercm combina- 
tions of materials. Differences in refractive indices may be 5 
compensated for by different layer thicknesses. Specifically, 
for a selected set of materials, the layer thicknesses of the 
Rock system may be adjusted to provide optimum perfor- 
mance. Specific refractive index values for the layers are not 
required. If a higher refractive index material were used for lO 
the outer layer, then the refractive index of the second layer 
would also need to be higher to produce the lowest reflec- 
tivity. However, in order to obtain the lowest reflection 
values, the refractive index of the fir^t and third layers 
should be less than about 1 .5. and the refractive index of the \5 
second and fourth layers should be greater than about 2.2. A 
Rock system suitable for sputtering may use silicon dioxide 
(SiO^) with a refractive index of about 1.46 at 520 nm for 
the first and third layers, and titanium dioxide (TiOj) with a 
refractive index of about 2.35 at 520 nm for the second and 20 
founh layers. 

Magnesium fluoride (.MgFl) can be used to form the outer 
and third layers. Magnesium fluoride may be deposited by 
sputtering but requires a reactive atmosphere including 
fluorine or hydrogen fluoride. 25 

The Rock system is simple as it has only four layers. 
However, since it requires a relatively high refractive index 
material, such as titanium dioxide, a, high sputtering rate is 
difficult to obtain. Typically, the deposition rate for titanium 
dioxide reactivcly spunered from titanium is only one- 
quarter that of silicon dioxide reactively sputtered from 
silicon. For a Rock system using titanium dioxide and 
silicon dioxide, the deposition of titanium oxide would take 
about four times longer than the deposition of silicon 
dioxide. 35 

The Rock system may require approximately equal thick- 
nesses of titanium dioxide and silicon dioxide. SUicon 
dioxide may be sputtered four umcs faster than titanium 
dioxide. In order to operate at optimum speed, a glass coater 
may require four dmes as many sputtering caihodes for 
titanium dioxide as for silicon dioxide. However, the coater 
may not have enough chambers to accommodate all of these 
dtanium dioxide cathodes. Thus, the deposition rate for the 
silicon dioxide will have to be reduced to "keep pace" with 
the deposition rate of the titanium dioxide. This reduces 
output and increases production costs. 

It is widely believed that materials which can be deposited 
at high rates by DC reactive sputtering have relatively low 
refractive indices. Deposition rate comparisons may be 50 
slightly inconsistent from source to source. The type of 
machine and cathode used may also influence the results. 
The following approximate rate comparisons serve to illus- 
trate the generalization. The refractive index values cited are 
the approximate values at a wavelength of about 520 nm. 5. 
Titanium dioxide has a refracuvc index of about 2.35, and 
tantalum oxide (Ta^O^) has a refractive index of about 2.25. 
Tantalum oxide may be deposited at about twice the rate of 
titanium dioxide. Zirconium oxide (21O2) has a refractive 
mdex of about 2. 15 and may be deposited at about twice the 60 
rate of titanium dioxide. Tm oxide has a refractive index of 
about 2.0 and may be deposited about ten times the rate of 
utanium dioxide. And zinc oxide has a refractive index of 
about 1.90 and may be deposited about fifteen umcs the rate 
of titanium dioxide. 

A layer of a material such as zinc oxide or tin oxide in an 
antireflection coaung may be included to cause the coating 
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to be cIcciricaJly conductive. Zinc oxide may be made 
conductive by doping it with aluminum, and tin oxide may 
be made conductive by doping it with antimony. The refrac- 
tive index of the doped maicriaJs remains about 2.0. Other 
5 transparent conductive maieriaJs having a refractive index of 
about 2.0 include Cadmium Tin Oxide (Cadmium Stannaic) 
and Indium Tin Oxide (FTOj. 

A problem of using high index materials in a Rock-type 
antireflcciion coating is that such materials arc relativciy 
'0 slow to deposit and impart a large quantity of heat to the 
substrate being coated. Although DC rcactively sputtered 
matcriaJs such as titanium dioxide, niobium pentoxidc. or 
tantalum pentoxidc. or similar materials have an indices of 
refraction higher than 2.2. these materials impan so much 
15 heat to the substrate that only substrates having a hieh 
melLing point, such as glass, arc suiiabie. A large amount of 
heat is transferred to the substrate because the deposition ' 
process is slower and therefore there is more time for heat 
to be transferred, and because the matenais arc harder and 
may only be spuoered at higher temperatures. As a result, it 
is difficult to deposit antire flection coatings on temperature 
sensiuve substrates such as plastic. A temperature sensitive 
substrate may be said to be a substrate which has a meliine 
point or ignition point lower than the softening point of 
^ glass. A glass that is commonly used in an ti- reflective 
coatings is soda lime float glass, which has a softening point 
of about 620 degrees centigrade. 

Accordingly, an object of the present invention is to 
provide an antirefiection coating for a temperature sensitive 
substrate, such as plastic. 

Another object of the present invention is to provide an 
andreflection coating for economical, high volume produc- 
tion in an in-line reactive sputtering appancus. 
35 A further object of the present invention is to provide an 
andreflection coating utilizing materials which may be 
quiciely sputtered in order to reduce the amount of heat 
tnmsferrcd to the substrate. 

Yet another object of the present invention is to provide an 
-10 antireflection coaung wherein at least one of Uie laycn is tin 
oxide, indium oxide, dnc oxide, un-dopcd indium oxide, 
bismuth-tin oxide, zinc-dn oxide or antimony-doped tin 
oxide. 

Addiuonal objects and advantages of the invendon will be 
set forth in the description which follows, and in pan will be 
obvious from the dcscripdoo. or may be learned by practice 
of the invention. The objccu and advantages of the invention 
may be realized and obtained by means of the insu-umcn- 
taliues and combinations particularly point out in the claims. 

SUMMARY OF THE rXVENTlON 

The present invention is directed to an andreflection 
coating for a tcmpcr^rure sensitive substrate. The antireflec- 

55 don coaung includes two or more layers substantially trans- 
parent to visible lighL One of the layen is a- ^C iCLnvtl^ 
sputtered metal oxide which may be deposited quickly and 
without imparting a large amount of heat to the substrate. 
Suitable metal oxides include un oxide, indium oxide, zinc 

60 oxide, un-doped indium oxide, antimony -doped tin oxide, 
bismuth-tin oxide, and zinc-un oxide. Anodier layer has a 
refractive index lower than the substrate. 

The antireflection coating may have four layers desig- 
nated the first, second, diird and fourth layers in consecutive 

63 numerical order beginning with the layer funhest from the 
substrate. The first layer has a refracu vc index lower than the 
substrate, and has an optical thickness of about one quancr 
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X,,. The second layer has a rcfraciivc index higher ihan the 
substrate and has an opticaJ thickness between about one 
quarter and one-third of X^. The third layer has a refractive 
index less than the second layer, and the fourth layer has a 
rcfraciivc index greater than the third layer. Combined, the 5 
third and fourth layers have a toiai opticai thickness of less 
than one quaner X^. The the design waveleneth. is 
between about 480 nm and 560 nm. At least one of the 
second and fourth layers, and prefcr;ibly both layers, is 
composed of a metaJ oxide layer such as tin oxide, indium lo 
oxide, zinc oxide, tin-doped indium oxide, antimony-doped 
tin oxide, bismuth-tin oxide, and zinc-tin oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in, 
and constitute a pan of the specification, schematically 
illustrate a preferred embodiment of the present invention, 
and together with the general description given above, and 
the detailed description of the preferred embodiment eiven 
below, serve to explain the principles of the invention. ^° 

RG, 1 schematically illustrates a four layer antireflecuon 
coating on a temperature sensitive substrate. 

RG. 2 is a graphical represcnution illustrating computed 
reflection values as a function of wavelength for a subsu^te 25 
lacking an antireflcction coating, a substrate with a four 
layer antireflcction coating using titanium oxide, and a 
substrate with a four layer antireflection coating in accor- 
dance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to multilayer antireflcc- 
tion coatings incorporating at least on c^€ rcii L iivelT]s put- 
tered metal oxide layer. The metaJ oxide layer must bcquick 
to deposit so that only a small amount of heat is transfeircd 
to the underlying substrate. Soft metals usually have fast 
metal oxide deposition rates. By a fast deposition rate it is 
meant that the layer may be disposed ai least five times faster 
than titanium dioxide and possibly up to twenty or nny times ^ 
faster. In addition, the metal oxide layers must be substan- 
tially transparent to visible light. Suitable metals include tin. 
indium, zinc, tin-doped indium., antimony -doped tin, bis- 
muth-tin, and zinc-tin. Yet another requirement for the metal 
oxide layer is that it have a reasonably high refractive index. *^ 
Although a refractive index higher than 2.2. such as titanium 
dioxide, is not available because such materials are too slow 
to deposit, a suitable metal oxide layer will have a refractive 
index between 1.95 and 2.2. 

An antireflecuon coating according to the present inven- 
don may have two or more layers which are substantially 
transparent to visible lighu An outer layer should be a 
dielectric material, such as silicon dioxide, with an index of 
refraction lower than the substrate. An inner layer should be 
a metal oxide with a reasonably high refractive index and 
which may be deposited quickly and without imparting a 
large amount of heat to the substrate. 

A temperature sensitive substrate such as plastic may be 
covered with this antireflection coating because of the small 
amount of heat transferred to the substrate. The coating may 
cover plastic surfaces such as polycarbonate, acrylic, poly- 
styrene, polyethylene, and CR 39. In general, plastics have 
mdices of refraction ranging from 1.43 to about 1.62. 

As shown in RG. 1, the present invention may be in the 65 
form of a Rock-type antireflecuon coating. The coating 10 
may be formed on a plastic substrate IS. The refractive index 
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of substrate index mav be aboui 1.5 at a wavc!cneth of about 
510 nm. 

The four layer coating of the present invention includes 
layers 20. 22. 24. and 26. Layers 20. 22. 24. and 26 may be 

5 described both in terms of their opticaJ thicknesses and ihcir 
physicaJ thickness. The optica] thickness is a mathcraatical 
product of a layer's physicaJ thickness and its rcfrac.ive 
index. The opticaJ thickness is described as a fraction of a 
design wavelength A,,, (n the present invention, a,, may be 

10 some wavelength in the range from about 480 nm to 560 nm. 
corresponding approximately to the middle of the visible 
specirum. The selection of the specific design wavelength 
A,,, would depend on the range of wavelengths over which 
the coaling must be effective. Preferably. Ki is about 510 lo 

15 520 nm. 

The first, or outennost layer 20. has a low refrac:ive 
index, preferably lower than that of the substnite 15. Tne 
opticaJ thickness of layer 20 is about onc-quaner wavelength 
at the design wavelength Xq. The second layer 22 has a 
-0 refractive index higher than that of the substrate. The second 
layer 22 has an opticaJ thickness between about one-quane: 
and one-third wavelength at the design wavelength X^. Tnis 
may be contrasted with the croditional Rock-type opticaJ 
coaling utilizing titanium oxide in which the second layer is 
^ one-half wavelength or even more. Tne third layer 24 has a 
refractive index less than that of the second layer, and it may 
be equaJ to the refractive index of the first layer. The ihisd 
layer 24 has an opiicaJ thickness of about one-tenth wave- 
length or less at the design wavelength Xq, The founh. or 
innermost layer 26. adjacent to the substrate, has a refracti.vc 
index greater than that of Lhc subsrae. The .'•e.*"raciive index 
of the founh layer 26 may be equal to the refractive index 
of the second layer 22. Fourth layer 26 may have an opticaJ 
thickness of about one-tenth wavelength at the design wavc- 
-5 length Xq. Tne total optical thicknesses of layers 24 and 26 
is generally less than about one-quaner wavelength at the 
design wavelength A<j. and, more preferably, is about onc- 
sixth wavelength. The rcfracuvc indices of layers 20 and 22 
must have a specific relationship to yield the lowest rcflec- 
^ tion across the visible spectrum. The first and third layers 
may have refractive indices between about 1.2 and 1.5. and 
the second and fourth layers may have refractive indices 
between about 1.9 and 2.2. 

In DC reacuvciy sputtered coatings, the preferred materiaJ 
for layers :2 0 and IaJis silicon dioxide. This materiaJ is 
preferred because it is durable and is readily deposited by 
DC reactive sputtering. Silicon dioxide has a refractive 
index of about 1.46 at a wavelength of about 520 nm. 

Layers 22 and 26 are DC reacdveiy sputtered metal oxide 
layers. One of the layers 22 or -26 is a metal oxide layer 
which may be quickly deposited, such asjin.oxide, indium 
..2^dc, zi nc oxid e, tinrdopcd indiumjoxide, antimony -doped ' 
tin oxide, bismuth- tin oxide and zinc -tin oxide. In order to 
reduce the amount of heat that rcacficslhTTubstrate. it is 
preferable that the thicker layer, second layer 22, be from 
this group. It is more preferable, however, that both the 
second layer 22 and the fourth layer 26 be from this group 
of metal oxides. 

60 The metaJ oxide layers may be conductive or non-con- 
ductive. It is preferred thai tin oxide be used for a non- 
conductive metal oxide layer. It is preferred that tin-doped 
indium be used for a conductive metal oxide layer. 
The present invendon has been described in terms of a 

65 relative refractive index sequence and an opdcal thickness 
range. The exact physical and optical thickness of the layers 
will depend on the materials used, and the performance 
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desired, in addition. difTcreni mcihods of dcposiiion for a 
selccicd layer may produce different refractive index values. 

The human eye is more sensitive to some wavelengths of 
visible light than other wavelengths. One way to measure the 
effectiveness of a an tire flection coating is to compare the 
luminosity of the coatings. Luminosity is an integration of 
the reflectance of the coating over the visible wavelengths, 
weighted by the responsiveness of the human eye. 

nC. 2 shows the computed reflection performance for iq 
three different systems. The reflectivity of a plain glass or 
plastic substrate without any antircfleciivc coating is given 
by curve 30. In a glass or plastic substrate having a index of 
refraction of about 1.5, the reflectance will be about 4.3 
percent across the entire visible spectrum. Although both I5 
glass and plastic have slightly higher reflectivity at the blue 
end of the spectrum, the reflectivity may be approximated 
with a single value, as shown by curve 30. The luminosity 
of an uncoated substrate is about 4,3 percent. 

Curve 33 shows the reflectance as a function of wave- 
length for a glass substrate having a four layer antireflection 
coating constructed according to Rock, as discussed below 
with reference to Table I , and using titanium oxide layers. 
Curve 36 shows the reflectance as a function of wavelength ,^ 
of a plastic substrate having a four layer coating constructed 
according to the present invention, and utilizing a tin oxide 
layer that may be swiftly deposited. 

In the example of Tabic I, the material forming layers 20 
and 24 is silicon dioxide having a refractive index of about 30 
1,46, and the material forming layers 22 and 26 is titanium 
dioxide, having a refractive index of about 2.35. The lumi- 
nosity of the four layer coating utilizing two titanium 
dioxide layers is approximately 0.10 percenL This is a 
forty- fold improvement in luminosity over a glass substrate 35 
lacking an anti*reflection coating. 
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according to the present invention arc described below with 50 
reference to Tables 2 and 3. Curve 36 in FIG. 2 is the 
computed performance of the embodiment of Table 2. The 
computed pcrfomiance of the embodiment of Table 3 is 
virtually identical to the performance of the embodiment of 
Table 2 shown by curve 36, and therefore is not shown. 55 

In the embodiment of Table 2, the first layer and the third 
layer 24 are silicon dioxide (SiO^), and the second layer 22 
and fourth layer 26 are tin oxide (SnOj). The silicon dioxide 
layers have a refractive index of about 1 .48 and the tin oxide 
layers have a refractive index of about 2.13 at a reference 60 
wavelength of 510 nm. The first layer is 94.16 nm thick, 
the second layer is 76.35 nm thick, the third layer is 31.87 
nm thick and the fourth layer is 20.29 am thick. This coaung 
has a computed luminosity of about 0.19 percent. This is 
about a twenty-fold improvement in luminosity over a 65 
plastic substrate lacking an antireflection coating, and com- 
pares favorably with the coating of Table I . 
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In the cmbodimeni of Tabic 3. silicon dioxide is used for 
chc firsi layer 20 and the third layer 24. and tin oxide is used 
for the second layer 22 and the founh layer 26. The silicon 
dioxide layer has a refractive index of about 1.48 at the 
reference wavelength of 550 nm. Tne tin oxide layer has 
a refractive index of about 2.0 at the reference wavelength 

20 of 550 nm. Tne first layer is 92,22 nm thick, the second layer 
is 78.13 nm thick, the third layer is 32.21 nm thick and the 
founh layer is 18.64 nm thick. This embodiment has a 
computed luminosity of approximately 0.22 percent, which 

25 is about the same as the embodiment of Table 2. 



TABLE 3 



35 





.VtaieriaJ 


Rerraciivc 
Index 01 
510 run 


Thickness 


OpocaJ 
Thickness 
Vf, = 510 run 




ar 


1.0 






I 


SiO, 


1.48 


nn 


0.268 


2 




2,13 


78.13 


0.302 ^ 


3 


SiO, 


1.48 


3121 


0.094 


4 


SaO\ 


2.13 


IS.&4 


0.072 




tubsme 


IJ2 







A conducive coating for a tcmpcramrc sensitive substrate 
may be constructed by replacing one or both tin oxide layers 

-^O with tin-doped indium oxide layers. In the embodiment of 
Table 4. silicon dioxide is used for the first layer 20 and the 
third layer 24. tin-doped indium oxide is used for the second 
layer 22, and tin oxide is used for the fourth layer 26. This 

45 embodiment has a computed luminosity of approximately 
0,20 percent. 
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A nonconductivc coating for a plastic substrate having a 
^ low index of refraction may be constructed in accord with 

this invention. In the embodiment of Table 5, the substrate 

15 is acrylic plastic with an index of refraction of 1.475. 

Silicon dioxide is used for the first layer 20 and the third 
65 layer 24. and tin oxide is used for the second layer 22 and 

the fourth layer 26. This embodiment has a computed 

luminosity of approximately 0.18 percent. 



TABLE 5 





MaiehaJ 


Rcfracmrc 
Index ai 
350 nm 


Thickness 


Opdcai 
Th»cknc$$ 
X„ = 550 run 




air 


1.0 






1 


SiO. 


1.48 


93.54 


0.252 


2 


SnO, 


2.00 


76.35 


0.278 


3 


SiO. 


1.48 


35.10 


0.094 


4 


SnO, 


2.00 


19.13 


0.070 
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The deposition rates of the metal oxides used in the 
coatings of the present invention are very high, about five to 
fifty times higher than titanium dioxide, and may equal or I5 
exceed the sputtering speed of silicon dioxide. Thus, the 
coadng of the present invention may be deposited in an 
in-line device where the substrate moves at a constant high 
linespced. This gready reduces production costs because of 
higher production speeds. 20 

For example, a coating with silicon dioxide and dn oxide 
layen, such as the coadng of Table 2, may be deposited by 
DC reactive sputtering in an argon and oxygen atmosphere 
on a 42 inch by 50 inch substrate at a linespeed of 80 inches 
per minute. The in-line machine may have one dn cathode 25 
running at approximately 8 KW each, two silicon cathodes 
running at approximately 15 KW each, two tin cathodes 
running at approximately 1 0 K W each, and finally six silicon 
cathodes running at approximately 15 KW each. 

Deposidon of the metal oxide layers of the present 
invention uses only about two percent of the input power 
that would be required by utanium oxide layers running at 
the same linespeed. For example, to deposit a coating with 
silicon dioxide and utanium dioxide layers, such as the 
anureflecuon coadng of Table 1, at a linespced of 80 inches 
per minute, the in-line coaicr would need at least seven 
utanium cathodes running at 150 KW each. Therefore, a 
coadng constructed according to the present invenuon will 
imparl only about two percent as much heat to uhe subsume 
a coadng using utanium dioxide. In addidon, a coadng ^ 
construc'xd according to the present invenuon can be depos- 
ited at reasonable input power at high linespeed. 

The present invenuon has been described in terms of 
preferred embodiments. The invenuon. however, is not 
limited to die embodiments depicted and described. Rather, 
the scope of die invenuon is defined by die appended claims. 
What is claimed is: 



